INTRODUCTION
During the last several years we have been investigating ultrasonic techniques for evaluating the quality of solid state weld interfaces [1 ,2] . Promising results have been obtained on a variety of different solid state welds by extracting features from the ultrasonic waveforms and applying pattern recognition algorithms to separate acceptable from unacceptable welds. In general, the primary difficulty in evaluating solid state interfaces is separating the influence of microstructural variations (volumetric) from the effects of interface defects (planar). To better understand the influence of microstructure on our assessment of solid state welds, we have ultrasonically and destructively analyzed steel-to-aluminum friction welds of varying weld quality and microstructure. A matrix of samples was prepared to produce microstructural variations in the aluminum. Since the steel's microstructure was unaffected by our friction weld process, acoustic energy sent from the steel side was primarily influenced by the bondline. Thus, we could monitor the influence of the microstructure and bond quality from the aluminum side and the bondline alone from the steel side. First, ultrasonic data from the steel side of our friction welds were processed with feature extraction and pattern recognition techniques as in our previous studies to determine solid state bond quality. Then data from the aluminum side were processed the same way and the classification results were compared to the results obtained from the steel side. The discrepancies in the classification results were caused the microstructure variation in the aluminum.
SAMPLE PREPARATION
The friction welding process [3] was selected for this study because it joins dissimilar metals and the weld quality can be controlled by varying the energy of the process and/or by contaminating the interface. In this study we chose a 304L stainless steel to be joined to one of two aluminum alloys, 6063 or 1050 (99.5% pure aluminum). The steel was not heated enough by the friction welding to change its microstructure; whereas, the aluminum grain structure was locally changed near the bondline. Different aluminum alloys were studied to provide two levels of microstructural variation as well as manipulating the types of defects at the interface. Good welds in both cases were made with the optimal cleanliness and friction welding parameters. The poor welds were produced by deliberately overheating the joint during welding to grow the maximum possible amount of interfacial intermetallic. The amount of intermetallic was greater for the aluminum alloy specimens than for the pure aluminum welds. The final specimen shape was a right circular cylinder 2.54 em in diameter and 2.54 em long.
ULTRASONIC DATA ACQUISITION
Before performing data acquisition and signal processing on the friction weld samples, they were ultrasonically scanned to generate acoustic images of the steel-to-aluminum interfaces. These images formed by the reflected energy from the bondlines display gross defects in the welds, and specimens with such defects were disqualified from this study. Figure 1 is an example of the high resolution C-scan of a good and poor friction weld from both the steel side and the aluminum side. The subtle change in the reflected signal amplitude when interrogating from the aluminum side was caused in part by the variation in microstructure of the aluminum and does not necessarily indicate bond quality. The next step was to acquire ultrasonic waveforms reflected from the friction weld interfaces from both the steel side and the aluminum side. A 15
MHz broad band transducer with a usable frequency content of 5 to 25 MHz' was selected for both the imaging of the bond line and the bond quality assessment. As illustrated in Figure 2 , these waveforms were then processed to provide the video envelope, the frequency spectra, and the transfer !~nctions for feature extraction. After 31 features were extracted, pattern recogmt1on techniques were applied to sort the features; the appropriate ones were retained for developing a classification algorithm. The algorithm is finally tested to measure its ability to determine friction weld quality. This pattern recognition process is described in reference 4. ...
Figure 2 -Diagram of ultrasonic protocol for classifying friction welds

RESULTS
Since the goal of this study was to determine the extent base metal microstructure influences the ability to classify solid state welds, the first step was to develop a weld classifier with ultrasonic signals passing through the steel side which had the homogeneous microstructure. The results of a two space or cluster diagram type of classifier are shown in Figure 3 . This figure plots the feature values for the pulse duration of the video envelope at the 60% level against the feature values for the area under the transfer function in the frequency range from 20 to 25 MHz. Note the natural clustering of the two classes. Other features might also yield natural clustering. In this optimal example the classification could be performed with the single video feature and an application of Bayes decision theory [ 4] . This separation of the feature vectors allows a decision boundary to be determined which would delineate the class and quality of an unknown friction weld.
By comparison, Figure 4 is the two-space diagram for the same features of the same samples but where the ultrasonic signals passed through the aluminum side. In this diagram there is no natural clustering and, thus, it is impossible to determine a decision boundary. Thus, the microstructure greatly affects the success of the classification algorithm since the only difference in the ultrasonic waveforms was caused by the microstructure of the substrate. The failure of these two features with a two-space plot as the classifier does not mean that the friction welds can not be ultrasonically classified from the aluminum side. However, such a classification process will entail more and different features and possibly a more sophisticated discriminant. C'll 600. Pulse Duration at 60% Level Figure 4 -Two-space diagram for ultrasonic data passing through aluminum side of specimens (no clustering). Table 1 
